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I.  INTRODUCTION 


Black  powder  has  been  a  subject  of  study  for  this  and  other  laboratories 
for  some  extended  period  of  time.  Throughout  our  work  at  the  Ballistic 
Research  Laboratory  we  have  concentrated  our  studies  to  particular  lots  of 
black  powder  and  Its  Ingredients  from  GOEX,  Du  Pont  and  Indiana.  Our  recent 
report  "Evaluation  of  Black  Powder  Produced  by  Indiana  Army  Ammunition  Plant"1 
contains  closed-bomb  evaluation  of  GOEX  75-44  black  powder  as  well  as  Its  size 
distribution.  Further,  the  output  of  the  thermal  code  "BLAKE"  was  provided  by 
Eli  Freedman  of  the  BRL  considering  the  chemical  composition  of  charcoal  and 
black  powder.  With  these  data  the  closed-bomb  experiments  were  evaluated  in 
1984  by  a  BRL  program^  called  CBRED2 . 

These  early  computations  considered  black  powder  grains  as  spheres  having 
but  one  average  radius  and  the  program  resulted  in  a  burn  rate  equation  that 
did  not  agree  with  experimentally  determined  strand  burn  rates.  Computer 
sensitivity  analysis  showed  that  changing  the  value  of  the  chosen  radius 
affected  the  burn  rate  coefficient  more  than  exponential  factor.  The 
conclusion  offered  in  that  report  was:  "closed- bomb  burning  rate  equations 
have  larger  exponents  than  are  derived  from  strand  burning  rates  and  it  was 
proposed  that  the  larger  exponents  embraced  both  combustion  and  grain  break-up 
or  non-uniform  ignition.  In  contrast,  precision  of  the  strand  burn  rates  is 
good  and  reflects  an  uncomplicated  and  defined  mode  of  combustion  l.e.,  that 
of  a  "cigarette  burn."  Such  values  could  be  used  to  provide  a  more  precise 
ranking  of  black  powder  performance."  The  problem  is  the  lack  of  a  data  base. 

The  advent  of  a  recently  polished  and  documented  BRL  computer  program 
IBHVG2 ,  which  stands  for  "Interior  Ballistics  of  High  Velocity  Guns",^  affords 
the  opportunity  of  Including  up  to  five  separated  propellant  inputs  that  were 
used  to  represent  five  different  grain  sizes.  Also  of  importance,  was  the 
kindness  of  the  authors  to  modify  this  program  to  include  the  shape  of  an 
ellipse  of  rotation.  We  applied  this  program  to  the  data  at  hand  and,  in 
effect,  extended  the  scope  of  the  previous  work.  The  closed-bomb  situation 
was  implemented  by  citing  a  much  too  heavy  shell,  50  lbs.,  and  imparted  a 
frictional  resistance  that  exceeded  the  maximum  anticipated  pressure. 

Although  we  Intend  to  have  this  report  stand  on  its  own,  it  would  be  advisable 
to  read  them  in  sequence.  One  drawback  is  that  the  program  IBHVG2  does  not 
output  a  burn  rate  equation  but  the  program  uses  such  an  equation  as  input  to 
calculate  pressure  and  surface  area  histories. 

II.  APPROACH 

As  one  inspects  the  shape  of  class  1  black  powder  it  is  apparent  that  the 
grains  are  of  non-uniform  character  and  that  they  are  far  from  the  spherical 
form  normally  assumed  in  various  calculations.  It  was  thought  that  an  ellipse 
of  rotation  might  be  a  better  estimate  of  the  geometry  and  from  several 
measurements  the  long  radius,  a,  was  judged  to  be  in  a  4:3  ratio  to  the  two 
equal  radii,  b.  Equations  for  volume  and  surface  area  were  added  to  the 
computer  program  and  to  form  a  laminar  burn  the  radii  were  decreased  by  an 
equal  increment.  Early  computations  showed  that  the  volume  decreased  to  zero 
before  the  surface  area  and  an  inadequacy  of  one  percent  was  noted  throughout 
the  burning  history.  The  problem  is  that  computations  estimate  the  laminar  burn 
distance  from  the  burn  rate  equation  whereas  the  surface  area  and  volume  are 
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calculated  from  the  geometry.  For  the  spherical  case  these  are  exact 

solutions  thus  volume  and  surface  area  agree;  however.  In  the  elliptical  model 

even  though  both  radii  decrease  by  the  same  amount  the  curved  shoulder  is 

slightly  bigger.  This  means  that  In  a  laminar  burn  of  some  distance,  x,  the 

new  shape  is  not  strictly  an  ellipsoid  and  thus  the  calculation  is  an  | 

approximation.  A  correction  factor  of  one  percent  was  added  to  the  program 

and  this  adjustment  allows  the  program  to  solve  the  form  function  equations  to 

estimate  both  the  intermediate  and  final  closed-bomb  conditions.  This 

correction  applies  just  to  the  case  considered  where  the  axes  radii  are  in  the 

ratio  of  4:3.  As  will  be  discussed  later,  the  total  pressure  calculated  from 

the  spherical  case  is  an  exact  solution  which  differs  from  the  elliptical  case  | 

by  much  less  than  one  percent  giving  the  authors  confidence  in  the  treatment 

of  this  model.  The  volume  and  surface  area  equations  are  given  below: 


V  -  4/3  ■  ab2 


(1) 


SA 


21  b2 


+  2Hab  Sin-1  e 
e 


Where  ae 


I 


(2) 


The  calculations  require  thermodynamic  and  physical  property  data  and  all 
of  the  required  input  information  was  extracted  from  a  former  report*  and  is 
given  in  Table  1.  In  addition,  the  pressure  history  is  included.  The  input 
to  the  thermodynamic  code  BLAKE  requires  the  chemical  composition  of  the 
propellant  and  in  the  case  of  black  powder  the  codes  require  the  composition 
of  charcoal^  as  well  as  the  other  ingredients.  Eli  Freedman^  performed  such 
calculations  for  the  GOEX  samples  evaluated  in  his  and  this  report.  For  the 
first  time  charcoal  has  been  represented  by  its  elemental  composition  as 
opposed  to  only  carbon  as  had  been  the  custom.  For  the  GOEX  samples  Freedman 
used  the  chemical  composition  of  charcoal  given  by  Rose^  as  "Roseville  B"  made 
by  the  Roseville  Charcoal  Co.  of  Zanesville,  OH,  and  the  potassium 
nitrate/sulfur/ charcoal  concentrations  were  taken  from  the  data  sheets 
supplied  by  Indiana. 


Since  the  closed-bomb  data  and  particle  size  distribution  are  crucial  to 
the  present  evaluation  a  description  of  these  experiments,  taken  from 
Reference  1  follows. 


III.  EXPERIMENTAL 


A.  Grain-Size  Distribution 


Class-one  black  powder  consists  of  grains  that  pass  through  a  number  four 
sieve  (4.73  mm)  and  not  a  number  eight  sieve  (2.36  mm).  One  hundred  grams  of 
black  powder  was  placed  on  a  stack  of  sieves,  four  through  eight,  and  the 
assembly  was  shaken.  The  portion  held  by  each  sieve  was  weighed. 

B.  Density 

The  bulk  density  of  black  powder  is  normally  given  as  the  ratio  of  its 
weight  divided  by  its  volume  as  measured  by  the  amount  of  mercury  displaced  by 
the  sample. 
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Size  and  Weight  Distribution 
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*0.31  added  to  9.49 

**Mean  diameter  for  spheres  and  minor  axis  of  ellipsoid  in  a  particular  size  interval.  Long  diameter  is  the 
length  of  the  long  ellipsoid  axis. 

***Burn  rate,  Br,  in  in/s  and  pressure,  p,  in  psi  then:  Br  =  Beta  pa^-P^a 


C.  Closed-Bomb  Evaluation 


Closed-chamber  experiments  were  performed  in  a  Technoproducts  Impulse 
Bomb  which  has  an  internal  volume  of  88.5  cubic  centimeters.  Class-one  black 
powder  was  evaluated  at  a  loading  density  of  0.14  gram  per  cubic  centimeter. 
To  achieve  a  better  degree  of  reproducibility,  the  charges  were  placed  in 
Dacron  bags  with  an  Atlas  M100  electric  match  inserted  in  the  center  of  the 
charge.  Pressure  was  measured  with  a  Klstler  607 C3  pressuie  transducer  and 
Kistler  504E  charge  amplifier.  Data  were  acquired  and  recorded  using  a 
Nicolet  Explorer  III  digital  oscilloscope. 

D.  Strand  Burn  Rates 


One  of  the  combustion  tests  invoked  was  to  grind  grains  of  black  powder 
such  that  it  passed  through  a  120  mesh  screen.  This  material  was  pressed  into 
sticks  which  were  dried,  burned,  and  photographed  using  high-speed  movie 
techniques.'  Burning  rates  were  determined  from  the  slope  of  the  position 
history  of  the  burning  Interface  plotted  as  a  function  of  time.  From  previous 
work  the  regression  error  of  estimate  is  about  two  percent.  This  burning  rate 
equation  is  given  in  Table  1  and  was  used  as  input  to  the  IBHVG2  computer 
program  to  represent  the  rate  of  combustion. 

IV .  RESULTS 

The  surface  area  produced  by  each  of  five  particle  sizes  and  the  number 
of  grains  in  each  size  is  given  first  for  the  spherical  assumption  in  Figure  1 
and  secondly  for  the  elliptical  size  distribution  in  Figure  2.  The  surface 
area  values  in  these  five  graphs  are  summed  and  the  resulting  total  surface 
area  using  five  radii  are  compared,  in  Figures  3  and  4,  to  the  calculation  | 

where  one  average  radius  or  set  of  radii  represents  the  entire  sample. 

In  Figure  5  the  pressure  histories  resulting  from  the  spherical  and 
elliptical  calculations  using  a  five  part  particle  size  distribution  are 
compared  to  experimental  data. 

! 

V.  DISCUSSION 

Surface  area,  at  particular  times,  is  directly  proportional  to  the  amount 
of  gas  produced.  Surface  area  of  each  of  the  five  particle  sizes  for  the 
spherical  and  ellipsoid  cases  are  given  in  Figures  1  and  2,  and  both  these 
graphs  show  real  but  small  differences.  The  effect  of  modeling  a  particle  | 

size  distribution  as  contrasted  to  assuming  an  average  radius  or  radii  becomes 
clear  in  Figures  3a  and  4a  where  the  total  surface  areas  of  both  models  are 
compared.  In  curves  3b  and  4b  the  ratio  of  these  curves  show  rather  large 
differences  at  both  early  and  late  times  and  it  is  clear  that  using  the 
particle  size  distribution  gives  a  better  representation  of  the  facts,  at 

least  in  the  case  studied  here.  The  situation  could  be  more  extreme  in  a  I 

particularly  skewed  distribution  but  little  data  has  been  reported  for  class 
one  distributions  by  manufacturers  thus  generalizations  can  not  be  made. 

Large  differences  have  been  noted  by  four  manufacturers  of  black  powder, 
suggesting  that  this  parameter  should  be  evaluated  before  serious  work  is 
attempted . 
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Figure  2.  Surface  Area  of  Five  Ellipsoids  as  a  Function  of 
Burning  Time,  In  Descending  Order,  Where  Largest  Radii  is 

Upper  Curve. 
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Figure  3a.  Total  Surface  Area  of  Five  Spheres  v.upper  Curve, 
Left)  to  Surface  Area  of  One  Sphere  of  Average  Radius  Shown 
as  a  Function  of  Burning  Time 


Burn  Time,  ms 

Figure  3b.  Ratio  of  Curves  3a  as  a  Function  of  Burning  Time 
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Figure  4a.  Total  Surface  Area  of  Five  Ellipsoids  (Upper 
Curve,  Left)  to  Surface  Area  of  One  Ellipsoid  of  Average 
Radius  Shown  as  a  Function  of  Burning  Time 
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Figure  4b.  Ratio  of  Curves  4a  as  a  Function  of  Burning  Time 


Figure  5a.  Pressure  ss  Function  of  Burning  Time. 
Upper  Curve  -  GOEX  75-44  Experimental  Data,  Middle  Curve 
Calculated  Response  of  Five  Spheres,  and  Lover  Curve  - 
Calculated  Response  of  Five  Ellipsoids 


Burning  Time,  ms 


Figure  5b.  Ratio  of  Curves  5a,  Calculated  Data,  as  a 
Function  of  Burning  Time 
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Since  the  curves  in  Figures  1-4  are  so  similar,  Table  2  was  prepared 
where  the  various  surface  areas  have  been  listed  at  zero  time  as  well  as  the 
maximum  pressure  produced.  From  this  table  it  is  seen  that  by  considering  the 
particle  size  distributions  for  both  models,  the  initial  surface  area 
increases  by  19  percent  and  the  ellipsoid,  if  constituting  a  better  modeling 
of  the  facts,  reduces  this  surface  area  by  8.5  percent.  The  calculated 
maximum  pressure  of  the  spherical  and  ellipsoid  forms  differ  by  6  parts  in 
10,000  which  is  a  measure  of  the  precision  of  the  correction  made  in  the 
program.  One  other  interesting  fact  is  that  the  thermal  BLAKE  evaluation  made 
by  E.  Freedman  predicts  the  maximun  pressure  in  the  closed-bomb  to  be  6940 
psi,  a  value  that  is  independent  of  all  geometry  and  is  in  reasonable 
agreement  with  the  estimates  in  Table  2. 


Table  2.  Surface  Area  and  Pressure  Relationships 

Surface  Area  Maximum 

at  Zero  Time  Pressure 


Sphere  (Average  Radius) 

18.739 

6952 

Sphere  (r-1-5) 

22.252 

6956 

Sphere  (r-1) 

1 .6436 

(r-2) 

4 .9009 

(r-3) 

4  .8239 

(r-4) 

7  .5800 

(r-5) 

3 .3038 

Ellipsoid  (Average  Radii) 

17 .258 

6960 

Ellipsoid  (r  rfe  -  1-5) 

20.508 

6961 

<rarb  “  1) 

1.5149 

<rarb  -  2) 

4.5154 

<rarb  *  3) 

4 .4467 

(rarb  -  4) 

6 .9880 

<ra*b  *  5) 

3.0432 

VI.  CONCLUSIONS 

It  would  appear  that  significant  improvements  have  been  achieved  in 
evaluation  techniques  where  the  model  presented  is  a  better  representation  of 
class  one  black  powder.  However,  when  the  best  pressure  estimates  of  this 
work  are  compared  to  experimental  data  in  Figure  5,  it  is  seen  that  the 
calculations  yield  pressure  histories  that  are  too  small.  This  result  is 
taken  as  further  evidence  that  closed-bomb  experiments  reflect  either  a  grain 
fracture  mode  or  a  grain  break-up  process  that  is  not  included  in  our 
modeling. 


16 


ACKNOWLEDGMENT 


We  wish  to  thank  Ronald  Anderson  of  the  BRL  for  Including  the  ellipsoid 
of  revolution  into  the  IBHVG2  computer  program  and  for  making  this  geometry 
estimate  more  accurate.  Further,  we  also  thank  Josephine  Wojciechowski  of  the  I 

BRL  for  her  kindness  in  putting  the  many  data  arrays  on  graph  paper. 


17 


REFERENCES 


la.  R.A.  Saase' ,  H.  Holmes,  D.  Hansen,  W.  Aungst,  0.  Dosll,  and  R.  Bowman, 
"Evaluation  of  Black  Powder  Produced  by  the  Army  Ammunition  Plant," 
Eleventh  International  Pyrotechnics  Seminar,  p.  489.  IIT  Research 
Institute,  Chicago,  IL,  July  1986. 

b.  R.A.  Sasse',  H.  Holmes,  D.  Hansen,  W.  Aungst,  0.  Doall,  and  R.  Bowman, 
"Evaluation  of  Black  Powder  Produced  by  the  Army  Ammunition  Plant," 
ARBRlrTR-2596 ,  Ballistic  Research  Laboratory ,USA-ARRADCOM,  Aberdeen 
Proving  Ground  HD,  October  1984.  (ADA-147801). 

2.  JANNAF  Combustion  Sub  Committee,  Burn  Rate  Measurements  and  Data 
Reduction  Procedures  Panel,  "Round  Robin  Results  of  the  Closed  Bomb  and 
Strand  Burner,"  A.  Juhasz,  Ed.,  CPIA  Publication  361,  July  1982. 

3.  R.D.  Anderson  and  K.D.  Fickle,  "IBHVG2  —  A  Users  Guide,"  BRb-TR-2829 , 
Ballistic  Research  Laboratory,  Aberdeen  Proving  Ground  MD,  July  1987. 

4a.  R.A.  Sasse' ,  "Characterisation  of  Maple  Charcoal  Used  to  Make  Black 

Powder,"  ARBRIrMft-03322,  Ballistics  Research  Laboratory,  Aberdeen,  MD, 
November  1983,  (ADA-136513). 

b.  R.A.  Sasse' ,  "Characterization  of  Maple  Charcoal  Used  to  Make  Black 

Powder,"  Ninth  International  Pyrotechnics  Seminar,  p.  471,  ITT  Research 
Institute,  Chicago,  IL,  August  1984. 

5a.  E.  Freedman,  and  R.A.  Sasse'  ,"The  Thermodynamics  Of  Real  And  Unreal 
Black  Powder,"  Ninth  International  Pyrotechnics  Seminar,  p.  177,  ITT 
Research  Institute,  Chicago,  IL,  August  1984. 
b.  E.  Freedman,  "The  Thermodynamics  of  Real  and  Unreal  Black  Powder," 

Proceedings  of  the  20th  JANNAF  Combustion  Meeting,  CPIA  Publication  383, 
Vol.  I,  p.  511,  October  1983. 

6.  J.E.  Rose,  "Investigation  on  Black  Powder  and  Charcoal,”  IHTR-433,  Naval 
Ordnance  Station,  Indian  Head,  MD,  September  1975. 

7a.  R.A.  Sasse' ,  "Stand  Burn  Rates  of  Black  Powder  to  One  Hundred 

Atmospheres,"  Eighth  International  Pyrotechnics  Seminar,  p.  588,  IIT 
Research  Institute,  Chicago,  IL,  July  1982. 
b.  R.A.  Sasse',  "Strand  Bum  Rates  of  Black  Powder  to  One  Hundred 

Atmospheres,"  Proceedings  of  19th  JANNAF  Combustion  Meeting,  CPIA 
Publication  No.  366,  Vol.  I,  p.  13,  October  1982. 


19 


DISTRIBUTION  LIST 


No.  Of 

Copies  Organization 

12  Administrator 

Defense  Technical  Info  Center 
ATTN:  DTIC-DDA 
Cameron  Station 
Alexandria,  VA  22304-6145 

1  HQ  DA  (SARD-TR) 

Washington,  DC  20310 

1  Commander 

US  Army  Materiel  Command 
ATTN:  AMCDRA-ST 
5001  Eisenhower  Avenue  . 
Alexandria,  VA  22333-0001 

1  Commander 

US  Army  Laboratory  Command 
ATTN:  AMSLC-TD 
Adelphi ,  MD  20783-1145 

1  Commander 

Armament  R&D  Center 

US  Army  AMCCOM 

ATTN:  SMCAR-MSI 

Pictinny  Arsenal,  NJ  07806-5000 

1  Commander 

Armament  R&D  Center 
US  Army  AMCCOM 
ATTN:  SMCAR-TDC 

Picatinny  Arsenal,  NJ  07806-5000 

1  Director 

Benet  Weapons  Laboratory 
Armament  R&D  Center 
US  Army  AMCCOM 
ATTN :  SMCAR- LCB-TL 
Watervliet,  NY  12189-4050 

1  Commander 

US  Array  Armament,  Munitions 
and  Chemical  Command 
ATTN:  SMCAR- ESP-L 
Rock  Island,  IL  61299-7300 


No.  Of 

Copies  Organization 

1  Commander 

US  Army  Aviation  Systems 
Command 

ATTN:  AMSAV-DACL 
4300  Goodfellow  Blvd. 

St.  Louis,  MO  63120-1798 

1  Director 

US  Army  Aviation  Research 
and  Technology  Activity 
Ames  Research  Center 
Moffett  Field,  CA  94035-1099 

4  Commander 

US  Army  Research  Office 
ATTN:  R.  Ghirardelli 
D.  Mann 
R.  Singleton 
R.  Shaw 
P.0.  Box  12211 
Research  Triangle  Park,  NC 
27709-2211 

1  Commander 

US  Army  Communications  - 
Electronics  Command 
ATTN:  AMSEL-ED 
Fort  Monmouth,  NJ  07703 

2  Commander 
Armament  R&D  Center 
US  Army  AMCCOM 
ATTN:  SMCAR- LCA-G, 

D.S.  Downs 
J.A.  Lannon 
Dover,  NJ  07801 

1  Commander 

Armament  R&D  Center 
US  Army  AMCCOM 
ATTN:  SMCAR- LC-G, 

L.  Harris 
Dover,  NJ  07801 


21 


DISTRIBUTION  LIST 


No.  Of  No.  Of 

Copies  Organization  Copies  Organization 


1  Commander 
Armament  R&D  Center 
US  Army  AMCCOM 
ATTN:  SMCAR-SCA-T, 

L.  Stlefel 

Dover,  NJ  07801 

2  Commander 

US  Army  Missile  Command 
ATTN:  AMSMI-RD 
AMSMI-AS 

Redstone  Arsenal,  AL  35898-5000 

2  Commander 

US  Army  Missile  Command 
ATTN:  AMSMI-RK,  D.J.  If shin 
W.  Wharton 
Redstone  Arsenal,  AL  35898 

1  Commander 

US  Army  Missile  Command 
ATTN:  AMSMI-RKA,  A.R.  Maykut 
Redstone  Arsenal,  AL  35898-5249 

1  Commander 

US  Army  Tank  Automotive  Cmd 
ATTN:  AMSTA-DI 
Warren,  MI  48090 

1  Director 

US  Army  TRADOC  Analysis  Cmd 

ATTN:  ATAA-SL 

White  Sands  Missile  Range, 

NM  88002-5502 

1  Commandant 

US  Army  Infantry  School 

ATTN :  ATSH-  CD-  CSO-OR 

Fort  Benning,  GA  31905-5400 

1  Commander 

US  Army  Development  and 
Employment  Agency 
ATTN:  M0DE-0R0 
Fort  Lewis,  WA  98433-5000 


1  Office  of  Naval  Research 

Department  of  the  Navy 
ATTN:  R.S.  Miller,  Code  432 
800  N.  Quincy  Street 
Arlington,  VA  22217 

1  Commander 

Naval  Air  Systems  Command 

ATTN:  J.  Ramnarace, 

AIR-541 11C 

Washington,  DC  20360 

2  Commander 

Naval  Ordnance  Station 
ATTN:  C.  Irish 

P.L.  Stang,  Code  515 
Indian  Head,  MD  20640 

1  Commander 

Naval  Surface  Weapons  Center 
ATTN:  J.L.  East,  Jr.,  0-23 
Dahlgren,  VA  22448-5000 

2  Commander 

Naval  Surface  Weapons  Center 
ATTN:  R.  Bernecker,  R-13 
G.B.  Wllmot ,  R-16 
Silver  Spring,  MD  20902-5000 

5  Commander 

Naval  Research  Laboratory 
ATTN:  M.C.  Lin 

J.  McDonald 
E.  Oran 
J .  Shnur 

R.J.  Doyle,  Code  6110 
Washington,  DC  20375 

1  Commanding  Officer 

Naval  Underwater  Systems 
Center  Weapons  Dept. 

ATTN:  R.S.  Lazar/ Code  36301 
Newport,  RI  02840 

1  Superintendent 

Naval  Postgraduate  School 
Dept,  of  Aeronautics 
ATTN:  D.W.  Netzer 
Monterey,  CA  93940 


DISTRIBUTION  LIST 


No.  Of 

Copies  Organization 

4  AFRPL/DY,  Stop  24 

ATTN:  R.  Corley 

R.  Geisler 
J.  Levine 
D.  Weaver 

Edwards  AFB,  CA  93523-5000 

1  AFRPL/MKPB,  Stop  24 

ATTN:  B.  Goshgarian 
Edwards  AFB,  CA  93523-5000 

1  AF0SR 

ATTN:  J.M.  Tishkoff 
Bolling  Air  Force  Base 
Washington,  DC  20332 

1  Air  Force  Armament  Laboratory 

ATTN:  AFATL/DLODL 
Eglin  AFB,  FL  32542-5000 

1  AFWL/SUL 

Kirtland  AFB,  NM  87117 

1  NASA 

Langley  Research  Center 
Langley  Station 
ATTN:  G.B.  Northara/MS  168 
Hampton,  VA  23365 

4  National  Bureau  of  Standards 

ATTN:  J.  Hastie 
M.  Jacox 
T.  Kashiwagi 
H.  Seraerjian 

US  Department  of  Commerce 
Washington,  DC  20234 

1  0SD/SDI0/UST 

ATTN:  L.H.  Caveny 
Pentagon 

Washington,  DC  20301-7100 

1  Aerojet  Solid  Propulsion  Co. 

ATTN:  P.  Michel i 
Sacramento,  CA  95813 


No.  Of 

Copies  Organization 

1  Applied  Combustion 

Technology,  Inc. 

ATTN:  A.M.  Varney 
P.0.  Box  17885 
Orlando,  FL  32860 

2  Applied  Mechanics  Reviews 
The  American  Society  of 

Mechanical  Engineers 
ATTN:  R.E.  White 
A.B.  Wenzel 
345  E.  47th  Street 
New  York,  NY  10017 

1  Atlantic  Research  Corp. 

ATTN:  M.K.  King 
5390  Cherokee  Avenue 
Alexandria,  VA  22314 

1  Atlantic  Research  Corp. 

ATTN:  R.H.W.  Waesche 
7511  Wellington  Road 
Gainesville,  VA  22065 

1  AVCO  Everett  Rsch.  Lab.  Div. 

ATTN:  D.  Stickler 
2385  Revere  Beach  Parkway 
Everett,  MA  02149 

1  Battelle  Memorial  Institute 

Tactical  Technology  Center 
ATTN:  J.  Huggins 
505  King  Avenue 
Columbus,  OH  43201 

1  Cohen  Professional  Services 

ATTN:  N.S.  Cohen 
141  Channing  Street 
Redlands,  CA  92373 

1  Exxon  Research  &  Eng.  Co. 

ATTN:  A.  Dean 
Route  22E 

Annandale,  NJ  08801 


23 


DISTRIBUTION  LIST 


No.  Of 
Copies 

Organization 

No.  Of 
Copies 

Organization 

1 

Ford  Aerospace  and 

1 

Honeywell,  Inc. 

1 

Communications  Corp. 

DIVAD  Division 

Div.  Hq.,  Irvine 

ATTN:  D.  Wiliams 

Main  Street  &  Ford  Road 

Newport  Beach,  CA  92663 

General  Applied  Science 

l 

Government  and  Aerospace 
Products 

ATTN:  D.E.  Broden/ 

MS  MN50-2000 

600  2nd  Street  NE 

Hopkins,  MN  55343 

IBM  Corporation 

1 

Laboratories,  Inc. 

77  Raynor  Avenue 

Ronk.onk.ama,  NY  11779-6649 

General  Electric  Armament 
&  Electrical  Systems 

1 

ATTN:  A.C.  Tam 

Research  Division 

5600  Cottle  Road 

San  Jose,  CA  95193 

I IT  Research  Institute 

1 

ATTN:  M.J.  Bulman 

Lakeside  Avenue 

Burlington,  VT  05401 

General  Electric  Company 

2 

ATTN:  R.F.  Remaly 

10  West  35th  Street 

Chicago,  IL  60616 

Director 

1 

2352  Jade  Lane 

Schenectady,  NY  12309 

General  Electric  Ordnance 

Lawrence  Livermore 

National  Laboratory 

ATTN:  C.  Westbrook 

M.  Costantino 

Systems 

ATTN:  J.  Mandzy 

100  Plastics  Avenue 

Pittsfield,  MA  01203 

1 

P.0.  Box  808 

Livermore,  CA  94550 

Lockheed  Missiles  6  Space  Co 

2 

General  Motors  Rsch  Labs 

ATTN:  George  Lo 

3251  Hanover  Street 

Physics  Department 

ATTN:  T.  Sloan 

R.  Teets 

Warren,  MI  48090 

1 

Dept.  52-35/B204/2 

Palo  Alto,  CA  94304 

Los  Alamos  National  Lab 

2 

Hercules,  Inc. 

ATTN:  B.  Nichols 

T7  ,  MS-B284 

Allegany  Ballistics  Lab. 

ATTN:  R.R.  Miller 

E.A.  Yount 

P.0,  Box  210 

1 

P.0.  Box  1663 

Los  Alamos,  NM  87545 

National  Science  Foundation 

1 

Cumberland,  MD  21501 

Hercules,  Inc. 

Bacchus  Works 

1 

ATTN;  A.B.  Harvey 
Washington,  DC  20550 

Olin  Corporation 

ATTN:  K.P.  McCarty 

P.0.  Box  98 

Magna,  UT  84044 

Smokeless  Powder  Operations 
ATTN:  V.  McDonald 

P.0.  Box  222 

St.  Marks,  FL  32355 

24 


DISTRIBUTION  LIST 


No.  Of 
Copies 


Organization 


No.  Of 
Copies 


Organization 


1  Paul  Gough  Associates,  Inc. 
ATTN:  P.S.  Gough 

1048  South  Street 
Portsmouth,  NH  03801 

2  Princeton  Combustion 

Research  Laboratories,  Inc. 
ATTN:  M.  Summerfleld 
N.A.  Messina 
475  US  Highway  One 
Monmouth  Junction,  NJ  08852 

1  Hughes  Aircraft  Company. 

ATTN:  T.E.  Hard 
8433  Fallbrook  Avenue 
Canoga  Park,  CA  91303 

1  Rockwell  International  Corp. 

Rocketdyne  Division 
ATTN:  J.E.  Flanagan/HB02 
6633  Canoga  Avenue 
Canoga  Park,  CA  91304 

4  Sandla  National  Laboratories 

Combustion  Sciences  Dept. 
ATTN:  R.  Cattollca 
S.  Johnston 
P.  Mat tern 
D.  Stephenson 
Livermore,  CA  94550 

1  Science  Applications,  Inc. 

ATTN:  R.B.  Edelman 
23146  Cumorah  Crest 
Woodland  Hills,  CA  91364 

1  Science  Applications,  Inc. 

ATTN:  H.S.  Pergament 
1100  State  Road,  Bldg.  N 
Princeton,  NJ  08540 

3  SRI  International 
ATTN:  G.  Smith 

D.  Crosley 
D.  Golden 

333  Ravenswood  Avenue 
Menlo  Park,  CA  94025 


1  Stevens  Institute  of  Tech. 

Davidson  Laboratory 
ATTN:  R.  McAlevy,  III 
Hoboken,  NJ  07030 

1  Textron,  Inc. 

Bell  Aerospace  Co.  Division 
ATTN:  T.M.  Ferger 
P.0.  Box  1 
Buffalo,  NY  14240 

l  Thiokol  Corporation 

Elkton  Division 
ATTN:  W.N.  Brundige 
P.0.  Box  241 
Elkton,  MD  21921 

1  Thiokol  Corporation 

Huntsville  Division 
ATTN:  R.  Glick 
Huntsville,  AL  35807 

3  Thiokol  Corporation 

Wasatch  Division 
ATTN:  S . J .  Bennett 
P.0.  Box  524 
Brigham  City,  UT  84302 

1  TRW 

ATTN:  M.S.  Chou 
MSR1-1016 
1  Parke 

Redondo  Beach,  CA  90278 

1  United  Technologies 

ATTN:  A.C.  Eckbreth 
East  Hartford,  CT  06108 

3  United  Technologies  Corp. 

Chemical  Systems  Division 
ATTN :  R . S .  Brown 

T.D.  Myers  (2  copies) 
P.0.  Box  50015 
San  Jose,  CA  95150-0015 


25 


DISTRIBUTION  LIST 


» 

► 


> 


No.  Of 
Copies 

Organisation 

No.  Of 
Copies 

Organization 

1 

Universal  Propulsion  Company 

2 

University  of  Southern 

1 

ATTN:  H.J.  McSpadden 

Black  Canyon  Stage  1 

Box  1140 

Phoenix,  AZ  85029 

Veritay  Technology,  Inc. 

ATTN:  E.B.  Fisher 

1 

California 

Dept,  of  Chemistry 

ATTN:  S.  Benson 

C.  Wittig 

Los  Angeles,  CA  90007 

Case  Western  Reserve  Univ. 

1 

4845  Millersport  Highway 

P.0.  Box  305 

East  Amherst,  NY  14051-0305 

Brigham  Young  University 

1 

Dlv.  of  Aerospace  Sciences 
ATTN:  J.  Tien 

Cleveland,  OH  44135 

Cornell  University 

1 

Dept,  of  Chemical  Engineering 
ATTN:  M.W.  Beckstead 

Provo,  UT  84601 

California  Institute  of  Tech. 
Jet  Propulsion  Laboratory 

1 

Department  of  Chemistry 

ATTN:  T.A.  Cool 

Baker  Laboratory 

Ithaca,  NY  14853 

Univ.  of  Dayton  Rsch  Inst. 

1 

ATTO:  MS  125/159 

4800  Oak  Grove  Drive 

Pasadena,  CA  91103 

California  Institute  of 

1 

ATTN:  D.  Campbell 

AFRPL/PAP  Stop  24 

Edwards  AFB,  CA  93523 

University  of  Florida 

Technology 

ATTN:  F.E.C.  Culick/ 

MC  301-46 

204  Karman  Lab. 

Pasadena,  CA  91125 

3 

Dept,  of  Chemistry 

ATTN:  J.  Winefordner 
Gainesville,  FL  32611 

Georgia  Institute  of 

1 

University  of  California, 

Technology 

School  of  Aerospace 

1 

Berkeley 

Mechanical  Engineering  Dept. 
ATTN:  J.  Daily 

Berkeley,  CA  94720 

University  of  California 

Engineering 

ATTN:  E.  Price 

W.C.  Strahle 

B.T.  Zinn 

Atlanta,  GA  30332 

Los  Alamos  Scientific  Lab. 

1 

University  of  Illinois 

2 

P.0.  Box  1663,  Mail  Stop  B216 
Los  Alamos ,  NM  87545 

University  of  California, 

Dept,  of  Mech.  Eng. 

ATTN:  H.  Krier 

144MEB,  1206  W.  Green  St. 
Urbana,  IL  61801 

Santa  Barbara 

Quantum  Institute 

1 

Johns  Hopkins  University/ APL 

ATTN:  K.  Schofield 

M.  Steinberg 

Chemical  Propulsion 
Information  Agency 

Santa  Barbara,  CA  93106 

ATTN:  T.W.  Christian 

Johns  Hopkins  Road 

Laurel,  MD  20707 

26 


DISTRIBUTION  LIST 


i 


No.  Of  No.  Of 

Copies  Organization  Copies  Organization 


1  University  of  Michigan 

Gas  Dynamics  Lab 
Aerospace  Engineering  Bldg. 
ATTN:  G.M.  Faeth 
Ann  Arbor,  MI  48109-2140 

1  University  of  Minnesota 

Dept,  of  Mechanical 
Engineering 
ATTN:  E.  Fletcher 
Minneapolis,  MN  55455 

3  Pennsylvania  State  University 

Applied  Research  Laboratory 
ATTN:  K.K.  Kuo 

H.  Palmer 
M.  Micci 

University  Park,  PA  16802 

1  Pennsylvania  State  University 

Dept,  of  Mechanical  Engineering 

ATTN:  V.  Yang 

University  Park,  PA  16802 

1  Polytechnic  Institute  of  NY 
Graduate  Center 

ATTN:  S.  Lederman 
Route  110 

Farmingdale,  NY  11735 

2  Princeton  University 
Forrestal  Campus  Library 
ATTN:  K.  Brezinsky 

I.  Glassraan 
P.O.  Box  710 
Princeton,  NJ  08540 

1  Princeton  University 

MAE  Dept. 

ATTN:  F.A.  Williams 
Princeton,  NJ  08544 

1  Purdue  University 

School  of  Aeronautics 
and  Astronautics 
ATTN:  J.R.  Osborn 
Grissom  Hall 

West  Lafayette,  IN  47906 


1  Purdue  University 
Department  of  Chemistry 
ATTN:  E.  Grant 

West  Lafayette,  IN  47906 

2  Purdue  University 
School  of  Mechanical 

Engineering 

ATTN:  N.M.  Laurendeau 
S.N.B.  Mur thy 
TSPC  Chaffee  Hall 
West  Lafayette,  IN  47906 

1  Rensselaer  Polytechnic  Inst. 

Dept,  of  Chemical  Engineering 
ATTN:  A.  Fontijn 
Troy,  NY  12181 

1  Stanford  University 

Dept,  of  Mechanical 
Engineering 
ATTN:  R.  Hanson 
Stanford,  CA  94305 

1  University  of  Texas 

Dept,  of  Chemistry 
ATTN:  W.  Gardiner 
Austin,  TX  78712 

1  University  of  Utah 

Dept,  of  Chemical  Engineering 

ATTN:  G.  Flandro 

Salt  Lake  City,  UT  84112 

1  Virginia  Polytechnic 

Institute  and 
State  University 
ATTN:  J.A.  Schetz 
Blacksburg,  VA  24061 

1  Commandant 

USAFAS 

ATTN:  ATSF-TSM-CN 

Fort  Sill,  OK  73503-5600 

1  F.J.  Seiler  Research  L3b  (AFSC) 

ATTN:  S.A.  Shakelford 
USAF  Academy,  CO  80840-6528 


« 

—  « 


9 

_  -4 


-  1 


M 


27 


DISTRIBUTION  LIST 


No.  Of 
Copies 


Organization 


10  Commander 

Naval  Ordnance  Station 
ATTN:  James  E.  Rose 
Indian  Head,  MD  20640-5000 

2  Commander 

Naval  Ordnance  Station 

ATTN:  M.  Tang 

Indian  Head,  MD  20640-5000 

2  GOEX 

ATTN:  F.  Fahranger 
Berlin  Plant 
Moosic,  PA  18507 

Aberdeen  Proving  Ground 


Dir,  USAMSAA 
ATTN:  AMXSY-D 

AMXSY-MP,  H.  Cohen 
Cdr,  U SATE COM 

ATTN:  AMSTE-TO-F 
Cdr,  CRDEC,  AMCCOM 
ATTN:  SMCCR-RSP-A 
SMCCR-MU 
SMCCR-SPS-IL 


28 


USER  EVALUATION  SHEET/CHANGE  OF  ADDRESS 


This  Laboratory  undertakes  a  continuing  effort  to  improve  the  quality  of  the 
reports  it  publishes.  Your  comments /answers  to  the  items/questions  below  will 
aid  us  in  our  efforts. 

1.  BRL  Report  Number _ _Date  of  Report _ 

2.  Date  Report  Received _ _ _ _ _ 

3.  Does  this  report  satisfy  a  need?  (Comment  on  purpose,  related  project,  or 

other  area  of  interest  for  which  the  report  will  be  used.) _ 


4.  How  specifically,  is  the  report  being  used?  (Information  source,  design 
data,  procedure,  source  of  ideas,  etc.)_ _ _ 


S.  Has  the  information  in  this  report  led  to  any  quantitative  savings  as  far 
as  man-hours  or  dollars  saved,  operating  costs  avoided  or  efficiencies  achieved, 
etc?  If  so,  please  elaborate. _ _ _ 


6.  General  Comments,  What  do  you  think  should  be  changed  to  improve  future 
reports?  (Indicate  changes  to  organization,  technical  content,  format,  etc.) 


i  - 

I  Name 


CURRENT 

ADDRESS 


Organization 


Address 


City,  State,  Zip 

7.  If  indicating  a  Change  of  Address  or  Address  Correction,  please  provide  the 
New  or  Correct  Address  in  Block  6  above  and  the  Old  or  Incorrect  address  below. 


Name 

0LD  Organization 

ADDRESS 


Address 


City,  State,  Zip 


(Remove  this  sheet,  fold  as  indicated,  staple  or  tape  closed,  and  mail.) 


FOLD  HERE 


Director 

U.S.  Army  Ballistic  Research  Laboratory 
ATTN:  SLCBR-DD-T 

Aberdeen  Proving  Ground,  MD  21005-5066 


NO  POSTAGE 
NECESSARY 
IF  MAILED 
IN  THE 

UNITED  STATES 


OFFICIAL  BUSINESS 

PENALTY  PON  PRIVATE  USE.  SSOO 


BUSINESS  REPLY  MAIL 

FIRST  CLASS  PERMIT  NO  12062  WASHINGTON, DC 
POSTAGE  WILL  BE  PAID  BY  department  OF  THE  ARMY 


Director 

U.S.  Army  Ballistic  Research  Laboratory 
ATTN:  SLCBR-DD-T 

Aberdeen  Proving  Ground,  MD  21005-9989 


FOLD  HERE 


